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ULTRASTRUCTURE OF THE HUMAN DERMAL MICROCIRCULATION 
II. The Capillary Loops of the Dermal Papillae* 
IRWIN M. BRAVERMAN, M.D .. AND AGNES YEN, B.S., M.S. 
Department of Dermatology, Yale University School of Medicine, New Hauen, Connecticut, U. S. A. 
Electron microscopy was used to define the ul trastructure of the capillary loops in the 
dermal papillae of normal, eczematous. and psoriatic skin. Capillary loops were recon· 
structed from 1-~m plastic-embedded sections. Ultrathin sections were taken at 4- to 6-~m 
intervals for correlation with t he t hick sections. ThP capillary loops of normal forearm and 
elbow skin could be divided into two segments: an intrapapillary and extrapapillary portion. 
The intra.papillary portion had the ultrastructural characteristics of an arterial capil-
lary-homogeneous-appearing basement membrane without bridged fenestrations. The 
ascending limb in the extrapapillary portion was also an arterial capillary and the descending 
limb in t he same portion had venous characteristics- multilayered basement membrane. 
The intrapapillary arterial loop developed venous characteristics abruptly after the vessel left 
the dermal papilla proper. The capillary loops in acute nummular eczema were identical in 
ultrastructure to those. of normal skin. Bridged fenestrations were found in one capillary loop 
in eczema but not in normal skin. By contrast, the intrapapillary capillary loops in psoriasis 
were venous capillaries which were characterized by bridged fenestrations and multilayered 
basement membrane. The ultrastructural features of the capillary loops and those of the 
microcirculatory segments in the horizontal dermal plexus should provide sufficient criteria 
for one to evaluate the nature of vascular abnormalities that occur in the upper dermis. 
We previously described the ultrast ructure of 
the microcirculation in the horizontal plexus of the 
papillary dermis in the normal forearm skin {1]. 
This present report details the electron micro-
scopic features of the capillary loops in the dermal 
papillaet of normal skin. 
The capillary loop arises from a terminal arte-
riole in the horizontal papillary plexus. It is com-
posed of an ascending limb. an intrapapillary loop 
having a hairpin turn, and a descending limb which 
connects with a postcapillary venule in the hori-
zontal plexus. The descending ("venous'' ) limb can 
be 1.5 times as wide as the ascending ( .. arterial'') 
limb. The capillary loops are perpendicular to .the 
surface of the skin except for those in the nailfold 
which are parallel to the surface. Each dermal 
papillae is supplied by a single capillary loop. The 
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t The "dermal papilla" refers to the dermal ridge 
which contains the capillary loops that supply nutrients 
to the epidermis and should not be confused with the 
identical term used to describe the dermal component of 
the hair bulb. Other synonyms for the capillary loop in 
the dermal papilla include "subepidermal plexus," 
"papillary plexus," and "papillary loops." The horizontal 
network in the papillary dermis is synonymous with the 
"subpapillary plexus" used by other authors. 
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capillary loops have been studied almost exclu-
sively by capillary microscopy. and those in the 
na ilfolds have been given the most attention [2,3 ]. 
The morphology. lengths. and density of the loops 
have been described and measured in normal skin 
and in a variety of diseases. However, a systematic 
ultrastructural examination of these loops has not 
been done. 
We have studied normal forearm flexor s kin 
which has a relatively flat epidermis. dermal papil-
lae which are sparse and shallow. and capillary 
loops with short intrapapillary courses. In addit ion, 
we studied normal elbow skin in which the papillae 
are numerous and deep so that long intrapapillary 
portions of capillary loops are available for study. 
In this investigation, we distinguish bet ween the 
intrapapillar,v and extrapapillary portions of the 
capillary loop. An imaginary line drawn between 
the deepest points of adjacent rete ridges defines 
these two zones (Fig. 1). We also differentiate the 
arterial from the venous sides of the microcircula-
tion by the basement. membrane characteristics 
which we reported and extensively illustrated in 
our previous paper 11]. We found that the basement 
membrane material of human cutaneous arterial 
vessels has a relatively homogeneous appearance, 
while that of the venous vessels is multilaminated 
when viewed with the electron microscope. ln 
some places the band of homogeneous-appearing 
basement membrane material in arterial vessels 
is accompanied by a 35- to 50-n~ basal lamina that 
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is present immediately below the endothelial cells 
and around individual smooth muscle cells and 
pericytes. 
MATERIALS AND METHODS 
Three-millimeter disks of skin were obtained for study 
with a sk in trephine. A ring of anesthesia 3 to 4 em wide 
and 1.5 to 2 em from the biopsy site was produced by the 
intradermal injection of J '?i lidocaine without epineph-
rine . The sample of skin was removed from the center of 
the right, fixed in half-strength Karnovsky's fixative. and 
processed for light and electron microscopy hy techniques 
previously described [1 ]. 
Serial reconstructions of capillary loops were made 
from 1-~m sections of plastic-embedded tissues. Ultra-
thin sections for electron microscopy were taken at 
intervals of 4 to 6 ~m for ultrastructural correlation. The 
thin !'ections were placed on slott:ed grids covered with 
Formvar (0.4~ in ethylene dichloride) and t he entire 
section was photographed. Montages were consuucted 
and the capillary loops were followed in their intrapapil-
lary and extrapapillary courses. The intrapapillary por-
tion of the loop lies above the line drawn between the 
deepest points of two adjacent rete ridges. 
We reconstructed the capillary loops in 5 papillae from 
the normal flexor forearm skin of 2 women, 45 and 50 
years of age, and in 5 papillae from the normal elbow skin 
of a 28-year-old woman. For comparison, we recon-
structed 5 loops from a lesion of acute nummular eczema, 
5 loops from each of 3 patients with psoriasis vulgaris, 
and 5 loops from each of 3 patients with pustular psoria-
sis of von Zumbusch. A total of 45 capillary loops were 
reconstructed. 10 of which were from normal skin . In 
addit ion. we examined without reconstruction an addi-
3 
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FIG. 1. Anatomy of capillary loop. A = terminal 
arteriole, V = postcapillary venule in horizontal papillary 
plexus. 1 = extrapapillary ascending arterial limb. 2 = 
intrapapillary loop. 3 = extrapapillary descending 
venous limb. Stippled wall = homogeneous basement 
membrane material. Striped wall = multilaminated 
basement membrane material. E = epidermis. 
tiona! 30 capillary loops in the papillae of normal skin . 
The ultrastructural features of these loops were identical 
to those found in the detailed recons tructions of the 10 
normal papillae. 
The capillary loops in the papillae of normal skin show 
some tortuosity a nd undulation but not to the degree seen 
in the vessels of the horizontal papillary plexus. Longitu-
dinally sectioned capillary loops of considerable length 
were easy to prepare for analysis of luminal and mural 
diameters. Unfortunately, there proved to be a wide vari-
ation in endothelial cell wall thickness and frequent 
bulging of endothelial cell nuclei into the lumen which 
precluded the use of internal luminal diameters for vessel 
dassification and characterization. Therefore, as in the 
previous study [1 ~ it was necessary to use the outside 
diameters of the vessels and of the endothelial tubes to 
describe the ultrastructural features of the capillary 
loops. Both outside measurements showed much less 
variation over a given distance than the internal luminal 
diameter. 
RE. LILT 
The capillary loops in both forearm and elbow 
skin had identical ultrastructural features . The 
ascending limb of the loop arose from the horizon-
tal plexus and passed eitner directly to a papilla or 
subdivided once, twice, or three times before giv-
ing rise to the final ascending limb that entered an 
individual papillae (line drawings in Figs. 2 and 3). 
The ascending limb of the capillary loop in its 
extra papillary portion had the characteristics of an 
arterial capillary, as shown in Figures 2C and 3A. 
The basement membrane material in its wall was 
homogeneous in appearance; the outside diameter 
of the vessel varied from 8 to 12 J.Lm and the 
endothelial tube diameter ranged from 5 to 7.5 J.Lm . 
In its intrapapillary portion, the outside diameter 
of the loop narrowed to 7.5 to 10 J.Lm and its endo-
thelial tube width ranged from 3.5 to 6 JLm. In 5 of 
10 reconstructions, the endothelial tube of the 
crest and of the intrapapillary descending limb 
was 1 to 1.5 ,urn wider than that of the ascending 
limb. The basement membrane material in the wall 
of the loop retained its homogeneous appearance 
throughout its intrapapillary course (Figs. 2A. 2B, 
3B). 
There was an abrupt change in the character of 
the descending limb, either at the boundary or 10 
to 30 J.Lm distal to the boundary, where it became 
extrapapillary. The endothelial tube became wider 
(6 to 10 J.Lm ) as did the overall width of the vessel 
(10 to 17 J.Lm ). The basement membrane material 
in the wall lost its homogeneous appearance and 
developed multilayers characteristic of a venous 
vessel (Figs. W, 3C). The descending limb passed 
to its connection in t he horizontal plexus either 
directly or after joining draining tributaries from 
adjacent papillae. 
The thickness of t he basement membrane varied 
over t he course of t he capillary loop. In the 
extrapapillary ascending limb, the width was 1 to 2 
J.Lm ; in the intrapapillary course it ranged from 0.24 
to 1.5 Jiffi , with t he narrowest portion present at 
t he apex; and in the extrapapillary descending 
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Ftc. 2. Shallow papillae, normal forearm skin. Lower Left: Reconstruction of 3 adjacent papillae. Thin Lines = arte-
rial vessel. Thick line.s = venous vessel. Areas A and B : Intrapapillary portion of loop. Bar = 5 Jlm. Area C: Extra-
papillary ascending arterial limb. Bar = 5 ~tm . Area D: Extrapapillary descending venous limb. Bar = 5 Jlm. E = endo-
thelial cell, H = homogeneous basement membrane, arrows indicate muJtilayered basement membrane, P = pericyte, 
M "" mast cell, L = lumen. 
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F'tG. 3. Deep papilla, normal elbow skin. Upper left: Reconstruction of papilla. Thin lines at terial vessel. Thick 
lines venous vessel. Area A: Extrapapillary ascending arterial limb. Bar = 5 ,urn. Area B: ection through apex of 
intra papillary loop. Outlined area shown in higher magnification in D. Bar = 5 ,urn. Area C: Extrapapillary descending 
venous limb. Bar = 5 ,urn. D: Portion of wall at apex of loop. Marked attenuation of endothelium without bridged 
fenestrations. Bar E 0.2 ,urn. L - lumen. E - endothelial cell. H = homogeneous basement membrane. arrows 
indicate multilayered basement membrane. R erythrocyte. P ~ pericyte. 
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TAB.LE. Dimensions of microcirculatory vessels 
OutsidP diameter Endothelial tube diameter Wall thk knesg (,m) (JJml (,m ) 
Horizontal dermal plexus 
Terminal arteriole 17-26 7.5- 12 1-3.5 
(with elastin) 
Terminal arteriole 10- 15 7.5- 12 1-3.5 
(without elastin) 
Arterial capillary 
Venous capillary 
Postcapillary venule 
10- 12 4-6 2-3 
2-3 
3.5-5 
10-12 4-6 
18-35 10- 15 
Capillar:_y loop 
Ascending limb 
(extra papillary) 
lntrapapillary loop 
Descending limb 
(extrapapillary) 
8-12 5-7.5 l - 2 
7.5- 10 3.5- 6 0.24- 1.5 
1.5-3.5 10- 17 6-10 
limb the width increased and ranged from 1.5 to 
3.5 ~m . 
The Table summarizes the dimensions of the 
capillary loop and compares them with the 
microcirculatory segments of the horizontal dermal 
plexus [1 J. The internal diameters of the capillary 
loops were inconstant because of variations in 
endothelial cell dimensions. The endothelium var-
ied from 0.2 to 0.7 pm in cell wall thickness, except 
where the nucleus was present. In these spots, 
the cell wall ranged from 2 to 5 pm because of nu-
clear bulging into the lumen. At t he apex of the 
loop, the endothelial cells become attenuated, and 
in some areas cell wall thickness measured 11 to 
30 nm, but true bridged fenestrations were seen 
in normal skin (Fig. 3D). 
In normal forearm skin, the length of the intra-
papillary portion of the capillary loop measured 
150 to 200 ~m, whereas in normal elbow skin the 
loop ranged from 300 to 500 ~m. 
There were no ultrastructural differences 
between the capillary loops of forearm and elbow 
skin. The capillary loops in a lesion of acute 
nummular eczema with one exception described 
below were identical in ultrastructure and organi-
zation to those of normal skin, i.e., the intrapapil-
lary loops had the characteristics of arterial capil-
laries. By contrast, the intrapapiUary capillary 
loops in psoriatic lesions were predominantly 
venous capillaries. There were many bridged fenes-
trations and the basement membrane material was 
multilayered (4,5 ]. 
The endothelium of the capillary loop in both 
normal skin and in lesions of acute nummular 
eczema had many caveolae 59 to 100 nm in 
diameter, as well as larger vesicles 150 to 280 nm in 
width. In many of the capillary loops there was 
marked development of microvilli over the entire 
luminal surface of the endothelial cells (Fig. 4). 
Many microvilli had curved profiles (Figs. 4B,C,D ) 
and it appeared that some of the larger vesicles 
could have been formed by microvilli that had 
entrapped and impounded fluid as suggested by 
Fawcett [6 ]. The Golgi apparatus was prominent 
in the endothelial cells of these capillary loops. 
Pericytes were present in the walls of the capil-
lary loops and they formed contacts resembling 
tight junctions with the endothelial cells as de-
scribed in the capillaries of the horizontal dermal 
plexus [1]. There appeared to be fewer pericytes 
around the capillary loops in dermal papillae than 
there were around the capillaries in the horizontal 
dermal plexus. 
Except for the capillary loops of psoriasis, 
bridged fenestrations were seen in only one ot her 
instance in this study. In a single papilla of acute 
nummular eczema, several bridged fenestrations 
were found. but only at the apex of the loop (Figs. 
5A,Bl. The basement membrane of this entire 
intrapapillary loop was homogeneous in appear-
ance except at the apex where multilaminated 
basement membrane material was superimposed 
upon a homogeneous background (Fig. SC). As the 
crest of the loop was traced in step sections. 
fenestrations and multilaminations consistently 
occurred together. The combination of mul-
ti laminations and homogeneous-appearing base-
ment membrane material is characteristic of capil-
laries in the transitional zone between arterial and 
venous capillaries [1]. 
The change from an arterial to a venous vessel 
that occurs in the extrapapillary descending limb 
of the capillary loop was strikingly demonstrated 
in another papilla of acute nummular eczema (Fig. 
6). A capillary loop which supplied one papilla 
continued into an adjacent papilla before returning 
to the horizontal plexus. In the intrapapillary 
portion of the first papilla (Fig. 6A ), the loop had a 
homogeneous-appearing basement membrane. 
After the vessel passed into the extrapapillary 
position common to both papillae (Fig. 6B and 
Inset 1) it developed a multilayered basement 
F1c. 4. Microvill i. A. Microvi lli on endothelial cell surface. Bar = 1 ,urn. B. C, and D: Microvilli arbitrarily arranged 
in a sequence t.o show hypothetical formation of lar~e vesicles Bars = 0.5 ,urn. C: Arrows point to adjacent microyilli 
curving towards each other and to a microvillus curving towards endothelial surface. D: Arrow points to adjacent 
microvill i that appear to have formed a large vesicle. Hlack arrou·heads indicate caveolae. 1-i-'h ite arrowh eads indicate 
large vesicles. L = lumen. H - homogeneous basement membrane. 
Ftc. 5. Capillary loop in nummular eczema. A: Apex of loop. Arrowheads indicate bridged fenestrations which are 
shown at higher magnification in B. E = epidermis. Bar = I ~m. 8 : Enlargement of bridged fenestrations (arrowheads ). Bar = 0.5 ~m. C: arne loop several step section distant. H homogeneous basement membrane and 
arrou•s indicate multilayered basement membrane. Bar I ,urn. 
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Fro. 6. Adjacent papillae supplied !>Y same capillary loop in nummular eczema. Lower righl: Reconstruction of 
papillae. Thin lines = arterial vessel. Thick lines = venous vessel. A: Ascending and descending limbs of intrapapil· 
lary loop. Bar = 5 ~m. B: Portion of descending venous limb in extra papillary position common to both papillae. Out-
lined areas indicate multilaminations. Inset I is shown at higher magnification. Bar = 5 ~m. Inset 1: Arrows indicate 
multilayered basement membrane. Bar = 0.5 urn . C: Intraoaoillarv ascending limb in second papilla. Bar = 5 ~m. 0 : 
Extrapapillary descending limb. Bar = 5 ~m. H = homogeneous basement membrane. Arrows indicate multilayered 
basement membrane. L = lumen, E = endothelial cell. 
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membrane which reverted to a homogeneous 
appearance when it entered the adjacent papilla 
(Fig. 6) . The basement membrane again became 
multilayered after the vessel descended from the 
second papilla (Fig. GD) . 
DISCL1 ' SIO!'\ 
We have divided the capillary loop into two 
compartments: an intrapapillary and an extrapa-
pillary division (Fig. 1 ). The intrapapillary portion 
has the ultrastructural features of an arte-
rial capillary-homogeneous-appearing basement 
membrane material in the wall and an absence of 
bridged fenestrations. The extrapapillary portion 
is composed of an ascending arteriolar limb and a 
descending postcapillary venous limb. The intra-
papillary portion of the loop in normal skin and 
acute nummular eczema is ultrastructurally differ-
ent from the intrapapillary loop in psoriasis. In the 
first two disorders, the loop is an arterial capillary, 
while in psoriasis it has the ultrastructural charac-
teristics of a venous capillary. After successful 
treatment of psoriasis with coal tar and ultraviolet 
light, the ult rastructure of the capillary loop 
changes from a venous to an arterial capillary (7). 
Yet, it is not possible to differentiate bv electron 
microscopy between the extrapapillary d-ivisions of 
the loops in normal skin. eczema. a nd psorias is. 
Two additional observations emphasize the ana-
tomical differences between the intrapapillary and 
extrapapillary compartments. Regardless of the 
length of the intrapapillary loop. the descending 
limb does not develop venous characteris-
tics-multilayered basement membrane mate-
rial-until after it has left the dermal papilla pro-
per. In a section of nummular eczema cited above. 
two adjacent papillae were supplied by the same 
capillary. As the loop left the first papilla it devel-
oped venous characteristic!'. (Fig. 6Bl which re-
, ·ert ed to the original arterial features after it 
entered the second papilla (Fig. 6C). Based upon 
these ob ervat.ions. we believe that the anatomical 
di,·ision of the capillary loop int.o extrapapillary 
and intrapapillary compartment. may be a useful 
way to characterize and classify various skin dis-
eases. 
One can also view the capillary loop in func-
tional terms analogous to the relationship between 
the horizontal dermal plexus and the rest of the 
dermal microcirculation. ln addition to providing 
capillary beds for the appendages, one of the main 
functions of the lower and mid-dermal vasculature 
is to transport. blood to the outer vascular belt 
(horizontal dermal plexus) where thermoregulatory 
and other physiologic functions occur. In the same 
way, the main function of the extrapapillary por-
tion of the capillary loop may be to transport blood 
to the intrapapillary division which may be the 
segment intimately responsive to alterations in 
epidermal behavior. 
The dimensions of the capillary loops in this 
study are identical to measurements made in vivo 
by capillary microscopy [8]. Although there were 
differences in width between the ascending and 
descending limbs of the intrapapillary portion of 
the loop, which might reflect differences in physio-
logic function , the ultrastructural features of the 
two sides appeared identical. 
A number of investigators have shown in ani-
mals that bridged fenestrations are highly charac-
teristic of venous capillaries [9-11]. Bridged fenes-
trations do occur in arterial capillaries, but they 
are infrequent. ln our experience thus far, bridged 
fenestrations have been virtually absent from the 
arterial capillaries of human skin, except for their 
presence in a papilla of acute nummular eczema 
cited above (Fig. 5A,B). McLeod found bridged 
fenestrations in the capillaries of the hair bulb of 
human scalp hair and in the capillaries of the 
connective tissue immediately surrounding the 
scalp hair follicle, but not in vessels more than 150 
J.LID away [12]. Examination of these vessels in 
McLeod's illustrations shows that they have the 
ultrastructural characteristic of venous capillar-
ies-multilayered basement membrane. The hair 
follicle in the scalp is analogous to a psoriatic 
lesion because of the rapid epidermal cell turnover. 
Takada and Hattori reported t.he presence of 
many bridged fenestrations in t.he capillary loops 
of finger skin [13 ]. Unfortunately, in their illustra-
tion, there appears to be an artifactual separation 
of the vessel from the surrounding connective 
tissue. The vessel appears to have a multilayered 
basement membrane but the artifact prevents one 
from being completely confident of this interpreta-
tion. Leventhal, Oh, and Brando demonstrated 
bridged fenestrations in capillaries from the heels 
of 2- to 5-hour-old infants (14 ]. The vessels had 
multilayered basement membranes characteristic 
of venous capillaries. but the author d id not men-
tion the exact location of these ,.e sets in the der-
mis. 
Ba ed on our studies. it is clear that the capillary 
loops in the dermal papillae from the legs, fore-
arms. and t runk are identical to one another and 
have the ultrastructural features of arterial capil-
laries without fenestrations. It is possible that the 
skin of the fingertip and heel which are rich in 
sweat glands and have highly developed rete ridges 
may have capillary loops with a different organiza-
tion and ultrastructure. This point requires further 
study. 
Bridged fenestrations allow for a rapid exchange 
of molecules between the vascular system and the 
tissues and they are believed to be the structural 
equivalent of the large pore system originally 
proposed by physiologists [15]. Although the sig-
nificance of the fenestrations in acute nummular 
eczema is not understood, their presence in pso-
riatic papillae and hair bulbs seems reasonable 
because the epidermis in these two sites is prolifer-
ating rapidly and a swift exchange of nutrient 
molecules would be required. Wherever fenestrae 
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have been described in psoriasis, hair bulb, and 
nummular eczema the accompanying basement 
membrane material has always been multilayered 
and never completely homogeneous in appearance. 
Perhaps this morphologic feature reflects the 
degree to which the basement membrane facili-
tates t he movement of molecules in that particular 
site. 
Based on our studies of psoriatic capillary loops 
and McLeod's observations on the capillaries in 
hair bulbs, we propose that the presence of venous 
capillaries with fenestrations in dermal papillae 
may be a morphologic sign of increased epidermal 
cell proliferation. 
Microvilli were prominent over the surface of t he 
endothelial cells of the capillary loop (Figs. 4A- D). 
The microvilli appeared to form large vesicles by 
entrapment and impounding of fluid as Fawcett 
had proposed for animal capillaries t hrough mar-
ginal fold movement [6 ]. In the capillaries and 
JargeJ" bJood vessels of animals, there is a thin 
cytoplasmic fold on one or both sides of the 
junction joining adjacent endothelial cells. Faw-
cett had proposed that droplets of fluid might be 
taken into endothelial cells t hrough the movement 
of these marginal folds. He had suggested that 
these folds or microvilli were capable of slow. wavy 
movements similar to the folds that project from 
the attenuated surface margins of cells in tissue 
culture. The recurving free margins of the folds 
might make contact with the cell surface and 
coalesce with it in such a way that a droplet of fluid 
would be impounded. This process would corre-
spond to the pinocytosis observed in living cells in 
tissue culture. Marginal folds are not present in the 
capillaries of the skin but there are many microvilli 
that appear to be performing this same hypotheti-
cal function. 
The ultrastructural features of the capillary 
loops described above and those of the microcir-
culatory segments in the horizontal dermal plexus 
should provide sufficient criteria for one to evalu-
Vol. 68, No. 1 
ate the nature of vascular abnormalities that occur 
in the upper dermis. 
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